Abstract. The practical advantages of sampling and storing blood on filter paper for analyses of human and pathogen genes highlight the need for reliable, sensitive, and cost-effective DNA extraction methods. We describe a new Tris-EDTA (TE) buffer-based method for extraction of DNA from blood dried on filter paper. The method was evaluated against the commonly used methanol and Chelex methods, regarding polymerase chain reaction detection of Plasmodium falciparum parasites from samples stored for 1−2 years. The sensitivity of detection was dependent on the parasite density and type of filter paper. For 3MM Whatman filter paper, the sensitivity was 100%, 73%, and 93% for the TE, methanol, and Chelex methods, respectively. For the longer stored 903 Schleicher & Schuell filter paper, the sensitivity was 93%, 73%, and 0%, respectively. This rapid, simple, and inexpensive extraction method generated superior results from archived specimens compared with the two standard methods and may represent a useful tool in molecular epidemiologic studies.
Collection of blood samples on filter paper has a history of more than 40 years. 1 This simple and feasible collection and storage method has been adopted for broad use in diagnostic screening, 1 drug monitoring, 2 and genetic analysis, 3 being particularly suitable for molecular epidemiologic studies in remote areas with tropical climate, where transport and storage conditions are often not optimal. Loss of sensitivity of polymerase chain reaction (PCR)−based methods due to field conditions has previously been reported, 4 a probable consequence of lower purity, stability, and integrity of the extracted DNA from filter paper samples. A crucial problem with sample collection on filter paper is the limitation in sample volume that can be incorporated into the extraction procedure. An optimal DNA isolation process is therefore a prerequisite for quality and reproducibility of data.
The new method described here was developed when DNA was extracted from archived blood samples on filter paper from clinically and/or microscopically confirmed individuals using Chelex (Bio-Rad Laboratories, Hercules, CA), methanol, and boiling methods. The present study was performed to validate this new TE (Tris-EDTA) buffer-based DNA isolation method against the two established methods based on methanol 5, 6 and Chelex. 7, 8 A total of thirty blood samples stored on two different filter papers were analyzed in duplicate in February 2004. Fifteen samples collected on 3MM Whatman (Brentford, United Kingdom) filter paper originated from a clinical malaria drug trial in a holoendemic area in Zanzibar in November 2002, and 15 samples collected on 903 Schleicher & Schuell (Dassel, Germany) filter paper originated from a cross-sectional malariometric survey in a mesoendemic area in Mali in September 2001. The studies were reviewed and approved by the two local ethical committees and the Karolinska Institute, and all participants provided informed consent. Samples were chosen to include infections with different parasite densities, established by microscopy, that ranged from 0 to 55,360/L of blood (Table 1 ). Three samples of the two respective filter papers were negative by microscopy. To ensure comparable quantities of blood, punches of same dimension (4 mm in diameter) were taken from individual dried blood spots (six punches from each spot) using a sterile biopsy punch (Kai Industries Co., Ltd., Oyana Seki City, Japan). We consider that potential differences in the amount of DNA gained from punches of individual blood sample may result from differences in extraction effectiveness. The three DNA extraction methods used are described below.
Tris-EDTA buffer-based extraction. Tris-EDTA buffer, composed of 10 mM Tris, pH 8.0 (Tris-base plus Tris-HCl) and 0.1 mM EDTA in distilled water, was prepared and kept at room temperature. Each filter paper punch was placed in an Eppendorf (Hamburg, Germany) tube, soaked in 65 L of TE buffer, and incubated at 50°C for 15 minutes. The punches were than pressed gently at the bottom of the tube several times, using a new pipette tip for each punch and heated at 97°C for 15 minutes to elute the DNA. The liquid condensing on the lid and the wall of the tubes were removed by a short centrifugation (2−3 seconds). The DNA extract was kept at 4°C for use within a few hours or stored at −20°C.
Methanol extraction. 6 Each filter paper punch was soaked in 125 L of methanol. After incubation at room temperature for 15 minutes, the methanol was removed and the samples were dried before adding 65 L of distilled water. The punches were mashed using a new pipette tip for each punch and heated at 97°C for 15 minutes to elute the DNA.
Chelex extraction. 8 Each filter paper punch was incubated overnight at 4°C in 1 mL of 0.5% saponin in phosphatebuffered saline (PBS). The punches were washed for 30 minutes in PBS at 4°C, transferred into new tubes containing 25 L of stock solution (20% Chelex-100 and 75 L of distilled water), and vortexed for 30 seconds. The tubes were heated at 99°C for 15 minutes to elute the DNA, vortexed, and centrifuged at 10,000 × g for 2 minutes. The supernatants (65 L) were transferred into new tubes.
The three sets of DNA generated from each sample by the three respective methods were analyzed together in the same PCR including negative and positive controls. The same procedure was performed in duplicate at a different time point.
Detection of Plasmodium falciparum parasites by PCR was performed by nested amplification of merozoite surface protein 2 (msp 2), as previously described. 9 This method is widely used in molecular epidemiologic studies and drug trials to determine the number and types of parasite genotypes of P. falciparum infections. The highly polymorphic, single-copy msp 2 gene has been found to be the most informative single marker frequently used to assess mean number of genotypes per infection, i.e., multiplicity of infection. 10 The polymorphic block 3 of msp 2 was targeted with outer primers in a first reaction, followed by two separate amplifications with primers specific for the two allelic families of msp 2 (FC27 and IC). The PCR products were subjected to electrophoresis on 2% MetaPhor gels (Cambrex Bio Science, Rockland, ME), stained with ethidium bromide, and visualized by ultraviolet transillumination. The sensitivity of detection varied for the different extraction methods and the results are shown in Table 1 . Plasmodium falciparum parasites were detected by PCR in all samples by at least one method. Analyses of samples collected on 3MM Whatman filter paper and with parasites detected by microscopy resulted in a high sensitivity (83−100%) for all extraction methods. For microscopynegative samples, the sensitivity was 0% for the methanol method, 67% for the Chelex method, and 100% for the TE buffer method. The overall sensitivity for samples collected on 903 Schleicher & Schuell filter paper was lower (33−89% for the methanol method, 0% for the Chelex method, and 83−100% for the TE buffer, where the lower values represents the microscopy-negative samples).
The total number of msp 2 alleles, the multiplicity of infection, i.e., mean number of msp 2 alleles in all samples, and reproducibility of results for samples run in duplicate are shown in Table 2 . Differences in multiplicity of infection obtained after the use of the three extraction methods were evaluated within the same type of filter paper by a t-test. For the samples collected on 3MM Whatman filter paper, the total number of msp 2 alleles were the same with TE buffer and Chelex methods, with a statistically significant higher multiplicity of infection compared with the methanol method, i.e., 2.00 versus 1.40 (P ‫ס‬ 0.007, by t-test for dependent samples). Analysis of the 903 Schleicher & Schuell filter paper resulted in a higher total number of msp 2 alleles using the TE buffer compared with the methanol method, with a mean multiplicity of infection of 2.07 versus 1.27 (P ‫ס‬ 0.017, by t-test for dependent samples). The Chelex method showed negative results in all samples on this filter paper.
All samples were extracted in duplicate by the three respective methods and the reproducibility, based on the number and size of alleles, was highest for the TE buffer extraction method for both 3MM Whatman and 903 Schleicher & Schuell filter paper (Table 2) .
Thus, the TE buffer method was superior to the methanol and Chelex methods both in sensitivity and reproducibility when performed on the two filter paper types stored for 15 and 29 months, respectively. Differences in the sensitivity of PCR detection of P. falciparum using DNA templates extracted by different methods have previously been described. 10−12 Filter paper type, duration of storage, and parasite densities are other factors potentially influencing sensitivity. 4 The lower sensitivity and reproducibility from 903 Schleicher & Schuell filter paper blood spots may be explained by the 14-month longer storage of these samples. It is worth noting that Chelex extraction of samples on this filter paper generated negative results, whereas 3MM Whatman filter paper samples extracted under the exact same conditions generated excellent results. Some extraction methods may thus be more suitable for a particular filter paper type.
In the developed TE buffer protocol, DNA was extracted a few hours prior to the PCR amplification, which may be important for optimal results. The effect on long-term storage on the quality of DNA extracted by the TE buffer method still needs to be evaluated.
The practical advantages of sampling and storing blood on filter paper for analyses of human and pathogen genes highlight the need for reliable, sensitive and cost-effective DNA extraction methods. The TE buffer-based DNA extraction method described in this report has shown superior results, compared with two standard methods for extraction of archived blood samples on two different types of filter paper, that are independent of parasite density and duration of storage. The new method is rapid, simple, and inexpensive, and confers a reduced risk for cross-contamination due to minimum manipulation of samples during extraction. The described method may therefore represent a useful tool in molecular epidemiological studies. 
